









A b s t r a c t
The	article	presents	the	methods	of	determination	and	analysis	of	the	continuance	of	harmonics	
in	 the	 supply	 current	 of	 a	modern	 subway	 vehicle	 with	 an	 asynchronous	 converter	 power.	
Knowledge	of	the	harmonic	content	of	the	supply	current	is	a	very	important	part	of	the	study,	
allowing	 the	 vehicle	 to	 operate.	 In	 order	 to	 determine	 the	 harmonic	 voltages	 and	 currents,	
a	computer	model	of	the	test	vehicle	and	the	power	supply	and	subway	substations	was	created.	
The	simulation	was	created	using	 the	SimPowerSystem	 library,	which	 is	part	of	 the	Matlab	
program.	The	calculation	results	were	compared	with	the	measurement.
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S t r e s z c z e n i e
W	artykule	przedstawiono	metody	wyznaczania	i	analizy	przebiegów	harmonicznych	w	prą-
dzie	zasilania	nowoczesnego	pojazdu	metra	z	napędem	przekształtnikowym	asynchronicznym.	
















necessary	 for	 simulation,	 were	 set.	An	 attempt	 was	 made	 to	 compare	 the	 spectra	 of	
harmonics	 in	 the	 supply	 current	 in	 different	 positions	 of	 the	 vehicle	 relative	 to	 the	
substation,	 vehicle	 speed	 and	 propulsion	 torque.	 These	 results	 were	 compared	 to	 the	
normative	limit	values	for	current	supply	harmonics.	It	is	very	important	for	the	electric	
and	electronic	environment	of	the	subway	railway.	The	power	system	is	very	different,	
compared	 to	 the	 conventional	 rail	 system:	 subway	 railway	 traction	 substations	do	not	
have	filters,	there	is	the	so-called	third	rail,	there	are	short	distances	between	stops	and	
there	is	heavy	traffic.
2. Discussion of the main circuit of a modern subway car
In	modern	 traction	 vehicles,	 the	main	 elements	 of	 any	 vehicle	 powered	 by	 a	 direct	






defined	harmonics.	 It	 is	an	 input	circuit	of	 the	 inverter	acting	as	a	 traction	converter.	 In	
order	 to	 transform	 the	 current	 received	 by	 the	 pantograph	 of	 the	 traction	 line,	 traction	
inverters	are	used.	In	most	applications	in	modern	subway	vehicles,	inverters	are	used	to	
power	 the	 traction	motors.	Motors	 and	 their	 rotational	 speed	 are	 formed	by	 an	 inverter	





traction	 inverters	 are	 built	 in	 the	 IGBT	 technology	 (Insulated	Gate	Bipolar	Transistor),	
insulated	gate	 transistors	 are	 characterised	by	high	power,	 high	breakdown	voltage	 and	
high	speed	switching.	Control	of	IGBT	consists	in	changing	the	potential	of	the	insulated	
gate.	The	traction	inverter,	depending	on	the	type	of	vehicle	and	power	system,	can	feed	


















3. Designated parameters of the replacement system
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T a b l e 	 2
COILS
I II III
Rated	voltage	in	[kV]	Un 15.75 0.665 0.665
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4. Simulation of power and control system in SimPowerSystem
Calculated	or	assumed	parameters	were	used	to	build	a	complete	replacement	system	of	
the	vehicle	 together	with	its	power	system.	This	system	was	created	in	SimPowerSystem,	
which	 is	 Simulink	 library	 version	 7.3.	 SimPowerSystem	 provides	 ready-made	 electrical	
components	 and	 power	 electronics	 (sources,	 converters,	motors,	 etc.).	This	 simplifies	 the	
creation	of	the	system,	as	there	is	no	need	to	create	a	mathematical	model	of	the	motor	or	
inverter	 etc.,	 and	 the	very	 structure	of	 the	 system	consists	of	 an	 appropriate	 combination	
of	blocks	and	application	parameters	the	item	requested	by	the	program.	However,	a	direct	
connection	between	the	elements	is	possible	only	within	the	library.




and	a	 tool	 for	determining	 the	 impedance	of	 a	 component	 as	 a	 function	of	 frequency.	
These	tools	were	used	to	calculate	the	characteristic	of	the	impedance	of	the	input	filter	of	
the	vehicle	as	a	function	of	frequency,	as	well	as	to	determine	the	harmonics	in	the	input	
current	 of	 the	 vehicle	 in	 this	 article.	During	 simulation,	 the	 SimPowerSystem	 library	
may	use	one	of	three	methods	of	the	system	solutions:	continuous,	discrete,	phase,	and	
also	of	the	algorithm	of	ideal	commutation,	which	improves	the	efficiency	and	reduces	
































The	 article	 presents	 the	method	 of	 calculation	 of	 the	 harmonics	 in	 the	 power	 supply	
system	 of	 the	 subway	 railway	 vehicle.	 The	model	 of	 the	 vehicle,	 the	 power	 system	 and	
traction	substation	was	built	in	Simulink	and	can	be	used	to	determine	the	current	harmonics	




substations	 because	 substations	 operate	 without	 filters.	 There	 are	 also	 present	 harmonics	
resulting	from	the	operation	of	the	inverter	and	there	may	occur	harmonics,	which	are	a	result	
of	the	phenomenon	of	the	“avalanche	of	harmonics”.
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